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EDITORIAL
Development of vascular elements during renal organogenesis
Development of the kidney begins when the ureteric of the daughter cells of the stem cell populate only one
bud, an outgrowth of the Wolffian duct, invades the segment of the nephron [3]. These precursor cells express
metanephric mesenchyme and induces it to differentiate pax-2 and wnt 4 [4], and it is critical that they be charac-
into the structures of the mature nephron. Morphologi- terized in greater detail in the future. This means that
cally, the metanephric mesenchyme is composed of cells their complement of differentiated genes need to be cata-
that look spindle shaped and are widely separated by logued as a function of time. While such an endeavor
spaces occupied by the extracellular matrix. While this seemed improbable even a few years ago, the develop-
implies that the cells are homogenous and “undifferenti- ment of large scale genomic technologies make this a
ated,” nothing could be further from their reality. Within realistic goal in the near future. It is now possible to
a few hours these cells, under the instruction of the implant on glass or silicone chips thousands of oligonu-
ureteric bud aggregate, convert to epithelia and start cleotides representing a substantial fraction of the ge-
forming the nephron. In addition, the mature kidney nome (soon the entire genome), and to hybridize RNA
contains endothelium and smooth muscle cells, as well from different cells to examine by computerized analysis
as stromal and neuronal cells. Are all of these cells de- the level of expression of each of these genes [5]. The
rived from a single cell type, a multipotent stem cell development of laser microdissection of individual cells
capable of generating all the components of the kidney, from tissues followed by extraction of the RNA from
or do epithelial, vascular and stromal cells come from these cells will allow the identification of stage-specific
different predetermined lineages? This is the central genes during the development of one or another lineage
problem in organogenesis of the kidney. Its solution will [6]. What is needed is now an entry point into the system
have not only embryological, but also clinical signifi- whereby specific stages in the development of epithelial,
cance. It was recently discovered that the adult nervous vascular or stromal cells can be identified. In this context
system [1] and liver [2] contain pluripotent stem cells, the studies of Naruse et al reported in this issue of Kidney
and we raise the possibility that the adult kidney might International, with their elegant immunohistochemical
also harbor its own stem cells. The lack of sufficient analysis of several proteins during human glomerulogen-
kidneys for transplantation poses an imperative for renal esis, is a good beginning [7].
researchers to grow kidneys in vitro, and the identifica- The origin and development of the renal vasculature
tion and cloning of stem cells is central to this endeavor. has received increasing attention. Sariola et al found that
However, before one flies away on wings of this dream, when mouse embryonic kidneys are transplanted into
it is important to first crawl toward the identification of quail allantoic membranes, the glomerular endothelial
the stages of transformation of seemingly undifferenti- cells were of quail origin [8]. This led to the conclusion
ated mesanchyme to more recognizable epithelial, vascu- that the renal vascular network resulted from invasion
lar and stromal cells. Previous studies have shown that (that is, angiogenesis) of exogenous vascular cells. Simi-
the epithelial structures of the nephron are derived from larly, we found that endotheilial cells accompanied the
a stem cell located in the metanephric mesenchyme. The ureteric bud during its invasion of the metanephric mes-
progeny of each cell is capable of populating the entire enchyme [9]. However, a discrete population of cells
metanephric nephron from the glomerulus to the collect- in the metanephric mesenchyme-expressed Flk-1 (the
ing tubule, the latter being derived from the ureteric vascular endothelial growth factor receptor) suggesting
bud [3]. More recently, Barasch et al have identified a the presence of endothelial cell precursors in the renal
combinatorial set of factors, composed at least of basic anlage [10]. These authors also showed the presence of
fibroblast growth factor and LIF (leukemia inhibitory endothelial cell precursors (angioblasts) in the meta-
factor) secreted by the ureteric bud that converts this nephrogenic mesenchyme before endothelial cells can be
cell type to an epithelial structure [4]. The differentiation detected [10], suggesting that renal fascular development
potential becomes restricted later such that the progeny occurs from cells endogenous to the kidney. Perhaps
some components of the renal vasculature arise by angio-
genesis, for instance the renal artery and major branchesKey words: kidney development, stem cells, nephron, glomerulogen-
esis. while glomerular and peritubular capillaries arise by vas-
culogenesis.Ó 2000 by the International Society of Nephrology
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